Original Article
In Brazil, as in most developing countries, the routine diagnosis of mycobacteriosis is based on direct microscopic examination of sputum and cultures, the most sensitive method, especially in samples from paucibacillary patients. [10] NTM isolation from nonsterile clinical specimens may mean transient colonization or contamination and not necessarily disease; thus, clinical-laboratory diagnosis is important to confirm mycobacteriosis and to establish the therapeutic strategy. [11] NTM isolation rates are quite different between the Brazilian regions. [12] In São Paulo State, there are differences in isolation frequencies, with predominance of Mycobacterium avium [11] [12] [13] [14] and Mycobacterium kansasii [15] in different municipalities.
This study aimed to analyze the epidemiological and laboratory profiles of patients with NTM infections over one decade in an important region of São Paulo State.
methods
This retrospective study included all patients with NTMs living in 102 municipalities that constitute the XV Regional Health Department of São José do Rio Preto (SJRP) tested by the Adolfo Lutz Institute of São José do Rio Preto (IAL-SJRP) from 2000 to 2009. IAL-SJRP is a regional reference laboratory for the diagnosis of mycobacteria.
The regional reference municipality (SJRP) is in a region that borders two other states and is an important administrative, medical, service center. [16] It has a high acquired immunodeficiency syndrome (AIDS) coefficient, which influences the prevalence of tuberculosis (TB). [17] Patients were identified from records of the Mycobacteria Laboratory of IAL-SJRP. Subsequently, clinical and epidemiological data were retrieved from medical records from government health clinics and the São Paulo State Notification System-TBWEB (http://www.cvetb.saude.sp.gov.br/tbweb/). Analysis of the clinical, epidemiological, and laboratory profile of patients was based on sex, age, other associated pathological conditions, schooling, profession, address, clinical specimen, bacilloscopy results, isolated NTM species, number of isolates, history of TB, treatment given, X-ray results, diagnostic criteria, notification at TBWEB, and type of closure of the case.
Pulmonary and extrapulmonary clinical specimens were included. According to the bacteriological criteria established by the American Thoracic Society, a patient has mycobacteriosis when the same infectious agent is identified in more than one sample from a nonsterile site or is identified in only one sample from a sterile site. [18] Due to the large number of cases, patients with single isolates from a nonsterile site were included in the study if they had clinical criteria compatible with the disease or an X-ray suggestive of TB.
For the classification of cases, over 15-year-old patients with laboratory diagnosis confirmed by culture and conclusive identification of NTM were considered "confirmed cases" of mycobacteriosis. Patients with only one nonsterile site isolation without the clinical criteria or an X-ray suggestive of the disease were considered "suspected cases" and included in the overall analysis.
Bacilloscopy and cultures were performed at IAL-SJRP according to the methodology recommended by the Brazilian Ministry of Health. [10] Bacterial identification was performed at the Central IAL in São Paulo using the polymerase chain reaction-restriction enzyme analysis (PRA-hsp65) method and phenotypic identification. [10, 19] The designation of the group "Mycobacterium abscessus/ Mycobacterium massiliense/Mycobacterium bolletii" was used because some isolates were identified only based on phenotypic evidence, which does not differentiate between these species.
Statistical analyses used the Epi-Info statistical software version 7.2.1.0 (Atlanta, Geórgia, EUA). All cases were geocoded by location based on street address in the Universal Transverse Mercator projection, Datum SAD/69 made available by the city hall of SJRP. Mapinfo software tools were used to prepare thematic maps.
This study is part of a research project (Protocol number is 136487/2010).
results
In the period from 2000 to 2009, isolates of NTMs were found in 135 patients; 74 (55%) were registered from 2000 to 2003.
The study population was predominantly male, older than 50 years, and presented some type of associated comorbidity [ Table 1 ].
Notification of cases
TBWEB notification occurred for 94 (69.6%) patients with 5 (3.7%) being notified twice. Notification is made based on positive NTM bacilloscopy results updated in cases of mycobacteriosis. In these cases, the natural outcome is a change in the diagnosis as found for 32 (23.7%) patients. However, other outcomes were found: 34 (25.2%) cases of cure, 11 (8.1%) cases of death from other causes, two (1.5%) deaths due to TB, one (0.7%) case abandoned treatment, one (0.7%) case transferred, and for 13 (9.6%) patients, there was no closure despite the notification.
Hospitals had the highest percentages of diagnosis (45.2%; n = 61) and notifications (49.2%; n = 30). Specialist outpatient clinics diagnosed 44 cases (32.6%) and notified 40 (90%), first aid posts diagnosed 6 (4.4%) cases and notified all of them, and 16 (11.9%) cases were identified in government health clinics that notified 12 (75%). This information was missing from 8 (5.9%) medical records.
The mean duration of treatment for mycobacterial cases was 15 months (range: 34-1700 days) from the release of the microorganism identification report to the conclusion of the case on the TBWEB.
Analysis of medical records
Information on occupations was found in 43% (n = 58) of the cases: construction workers 29.3% (n = 17), self-employed 20.7% (n = 12), registered employees 19.0% (n = 11), agricultural workers 13.8% (n = 8), housecleaners 10.4% (n = 6), retired 1.7% (n = 1), two students (3.4%), and one homeless (1.7%). Regarding previous history of illness, 35 patients (25.9%) had had TB. The mean time between the TB and the discovery of NTM varied from 5 months to 60 years (mean 6.6 ± 11.7 years; median 3.0 years).
Among the cases evaluated, 60 (44.4%) had X-rays with suspicion of TB and 20 (14.8%) with suspicion of TB with cavity. However, 14 (10.4%) did not perform an X-ray, 19 (14.1%) had no information on X-rays, and 12 (8.9%) had normal X-rays, and for 10 (7.4%), the X-ray identified other conditions. For cases that recorded the time between the onset of symptoms and the diagnosis of NTM (n = 58), the mean time between events was 83.5 days (range: 6-660 days).
Of the 135 patients, 76 (56.3%) were not treated for mycobacteriosis and 18 (13.3%) had no information on the drug used for the treatment. Of the 41 (30.4%) patients who were treated for NTMs, three were treated with regimen I (rifampicin, isoniazid, and pyrazinamide), eight were treated with the IR regimen (rifampicin, isoniazid, pyrazinamide, and ethambutol) and thirty were treated with alternative regimens that associated or included other drugs such as ciprofloxacin, amikacin, clofazimine, azithromycin, cephalexin, and clarithromycin. Clarithromycin was used in 14 patients.
Laboratory analysis
The total number of patients with positive bacilloscopy was 45/135 (33.3%); most tested sputum.
The results showed that M. avium was the most frequently isolated species (33.3%). However, frequency analysis from year to year showed that the isolation of this species was decreasing, whereas the isolation of the M. abscessus/M. massiliense/M. bolletii group increased from 2007 [ Figure 1 ]. Of the 24 cases of M. abscessus/M. massiliense/M. bolletii in bronchial lavage, 20 were from the same hospital, isolated in 2008 (n = 5) and 2009 (n = 15). All 13 (9.6%) cases with disseminated disease were HIV positive; M. avium was isolated in 11 cases, M. kansasii in one, and Mycobacterium fortuitum in one; five patients had concomitant Mycobacterium tuberculosis (MT) and NTM isolated from sputum; four were HIV positive, three of whom were also drinkers and one took cocaine [ Table 2 ].
More than one NTM isolate was obtained from 47 patients; the same species was identified in different isolates in 63.8% (30/47) of the patients and different species were found in 36.2% (17/47) of the patients. The maximum number of isolates in one individual was four, observed in 10.6% (5/47) of the cases.
It was not possible to confirm mycobacteriosis in 5.2% of the patients (n = 7), who were classified as "suspected cases" due to one isolation of NTM from a nonsterile site and absence of clinical and radiological findings in the medical records. Table 3 lists the most commonly investigated sites for the isolation of NTMs. It is interesting to note the isolation of M. avium and M. fortuitum in three patients.
As the study region is extensive with 102 municipalities and as most of the cases were residents in SJRP (75/135%-55.5%), only patients with full addresses in this urban area (n = 65) are shown in the maps in Figure 2 with annual distribution. M. avium and M. fortuitum were the most common species isolated.
Cases were observed throughout the municipality, without predominance of any region. However, the isolation of NTM was more common in two specific periods (2000-2003 and 2009 ).
dIscussIon
An increase in NTM diseases in the international scenario has been observed in recent years [1] [2] [3] [4] [5] including at sites that have been rarely studied. [20] Epidemiological studies on the occurrence of mycobacteriosis in Brazil are scarce.
AIDS was one of the factors that contributed to the increase of NTMs in developed countries [21] [22] [23] [24] and may also have contributed to the occurrence of NTMs in this region.
The high mean age of the patients with mycobacteriosis with the majority being male shows a similar profile to that reported in the literature. [15, 18, 22, 25, 26] Here is, however, a paucity of studies analyzing the schooling and profession of patients perhaps because profession is rarely included in medical records.
It is not mandatory to notify mycobacteriosis in Brazil, except for cases of fast-growing mycobacteria after surgery. Although 30.4% of the cases were not reported, the high percentage of cases reported to the TBWEB system without a "change of diagnosis" reveals that the patient is probably not being treated adequately.
The highest percentage of cases diagnosed in this study was discovered at tertiary care hospitals where the patient is usually diagnosed in a serious condition. This suggests that the diagnosis had been delayed, a fact that may explain the long time between the onset of symptoms and the date of diagnosis.
Although chronic lung disease is the most common clinical manifestation of NTMs, [27] the decision to treat patients who have symptoms is still a concern since the identification of mycobacteria can take days or weeks. In the 1950s, with the introduction of effective treatment for TB, cultures became routine and it was found that some cases diagnosed as TB were in fact NTMs. [7] The medical records in this study showed that although the initial diagnosis based on clinical and radiological symptoms suggested TB, a species of NTM was found, showing the importance of identification for a satisfactory outcome.
More than half the patients did not receive NTM treatment (56.3%), a fact that is not investigated in this study. This suggests that the physician's decision was not to carry out treatment when there is only one isolate from a nonsterile site. Studies show that many patients do not treat mycobacteriosis. [21, 28] For patients that were treated in this study, the treatment time varied probably because therapy is complex as NTMs are naturally resistant or have low sensitivity to TB drugs and have different patterns of resistance. [24, 29] The types of drugs used in these patients are those recommended by the national literature. [30] The high occurrence of NTM cases before 2003 can possibly be explained by the introduction of highly active antiretroviral therapy, which reduced the number of cases of disseminated disease in the region.
The percentage of positive bacilloscopies (33.3%) was higher than those found in studies in India (20%) [31] and Greece (10%) [32] but lower than one study carried out in Italy (53.3%). [33] As generally the bacilloscopy is negative and the result of the culture takes a long time, the patient may no longer be found to treat mycobacteriosis after being discharged. [32] M. avium, a slow-growing NTM, was responsible for 33.3% of all cases. Other studies reported that this agent was prevalent in isolations of NTMs. [4, 7, 12, 22, 26, 27, [34] [35] [36] M. avium can cause Figure 2 : Species of nontuberculous mycobacteria identified over ten years in the diagnosis of tuberculosis and mycobacteriosis in the regional reference municipality of the Regional Health Department-XV disease in individuals with or without previous lung disease. [37] Disseminated disease can occur in patients with AIDS and in patients with abnormalities of the interleukin-12 and interferon gamma receptors. [38, 39] In the present study, the occurrence of disseminated disease caused by M. avium was found in 11 cases, all of which were HIV positive. It was not possible to establish an epidemiological connection between the cases of M. avium due to their occurrence in diverse and unrelated sites.
Isolation of the M. abscessus/M. massiliense/M. bolletii group in the bronchoalveolar lavage of individuals from the same hospital, mostly in 2009, suggests an outbreak. This rapidly growing mycobacterium is commonly associated with outbreaks of nosocomial infections after invasive procedures, [40, 41] probably due to failure in the disinfection process and not to sterilization. [42] The analysis of the geographical distribution of NTMs around the world and the possible sources of infection may be the guiding principles for the prevention of the disease. [43] There is geographic variability in the prevalence and distribution of species responsible for diseases caused by NTMs in São Paulo State, such as Mycobacteria gordonae, [25] M. kansasii, and M. avium. [15] In this study region, the most frequent species was M. avium in sputum, followed by M. abscessus/M. massiliense/M. bolletii in bronchoalveolar lavage; another common species was M. fortuitum. This species has been reported as an agent of pulmonary diseases but mainly in cases of infections after surgery and related to the use of catheters. [44, 45] On the contrary, one study conducted in the Middle East found that Mycobacterium chelonae 50% was the most common among fast-growing NTMs with Mycobacterium simiae (42.8%) being the most frequent among slow-growing NTMs. [46] The majority of carriers of NTM isolates from nonsterile materials presented only one positive culture for mycobacteria, which may characterize transitory contamination or colonization. [12] However, patients with single isolates presented clinical findings compatible with disease and/or an association with other comorbidities that may affect the immune system. Other confirmatory criteria such as positive bacilloscopy or radiological diagnosis were also observed. Previous studies in our region reported the same difficulty in relation to the number of isolates in nonsterile samples [14, 47] as have other authors. [5, 12] This fact shows one operational difficulty in the diagnosis of NTM in Brazil that recommends the request for new samples to confirm cases.
The occurrence of mixed infections of MT with other mycobacteria may have occurred due to the HIV status of four of these patients. However, the presence of MT and M. gordonae in an immunocompetent patient may have occurred due to sample contamination as M. gordonae is rarely correlated to the disease. [25] We should remember that the lesion caused by MT is an open door for mycobacteriosis. Therefore, knowing the TB history of patients is important for the suspicion of NTM infections. In a study in Pará, Brazil, Fusco da Costa et al. [48] found a 76% risk for lung disease due to NTMs in patients who had had TB. As in this study, Lima et al. [49] in Rondônia, Brazil, found the presence of more than one NTM species in the same patient and found three cases of NTM and MT coinfection.
Among the limitations of the study, we must highlight those resulting from incomplete records, making the analysis of variables difficult.
conclusIon
Mycobacteriosis mainly affects men, over 50-year olds, and individuals with a low level of schooling.
Most patients present an associated pathology, with coinfection by the HIV virus being the most common.
The laboratory profile showed a regional panorama of NTM species with two realities. the first presents M. avium as the prevalent species, and in a population with a high incidence of HIV, its identification is mandatory to establish the correct therapy. The second reality reflects the region's characteristic of being an important medical and service center, in which the M. abscessus/M. massiliense/M. bolletii species are the main cause of nosocomial infections. This shows that surveillance should be increased as a preventive measure.
NTMs may be underdiagnosed because of the difficulty in obtaining data to establish the disease or simply because it is a transient infection or colonization.
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